Neural tube defects in embryos of diabetic mice: role of the Pax-3 gene and apoptosis.
Neural tube defects are among the most common of the malformations associated with diabetic embryopathy. To study the molecular mechanisms by which neural tube defects occur during diabetic pregnancy, we have developed a new experimental system using pregnant diabetic mice. In this system, the rate of neural tube defects is about three times higher in embryos of diabetic mice than in embryos of nondiabetic mice. Most of the defects affected presumptive midbrain and hindbrain structures and included open defects (i.e., exencephaly) and gross maldevelopment. By semiquantitative reverse transcription-polymerase chain reaction and in situ hybridization, we found that expression of Pax-3, a gene required for neural tube closure in the area of the midbrain and hindbrain, is significantly reduced in the embryos of diabetic mice. The same regions of the neural tube where Pax-3 had been underexpressed were found subsequently to contain high concentrations of cells undergoing apoptosis. Reduced expression of Pax-3 appears to be responsible for this apoptosis because apoptotic cells were also found at sites of neural tube defects in embryos carrying null mutation of the Pax-3 gene. Finally, mouse strains that carry null mutations in Pax-3 develop neural tube defects that resemble the malformations that occur in embryos of diabetic mice. These results suggest that Pax-3 is an important developmental control gene, expression of which is disturbed in embryos of diabetic mice, and that as a consequence, apoptosis of the neural tube occurs. This pathway may be responsible for many of the neural tube defects resulting from diabetic pregnancy.